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(54) CONTROL DEVICE FOR A WORK CARRYING SYSTEM 

(57) A control device for a work carrying system 
characterized in that a first point where the moving 
action of a work transitions from a moving action from 
an origin process chamber to a transfer chamber to a 
moving action inside the transfer chamber and a second 
point where the moving action of the work transitions 
from the moving action inside the transfer chamber to a 
moving action from the transfer chamber to a destina- 
tion process chamber are set on a moving path of the 
work, and that speed patterns on the moving path are 
set based on a transfer distance of the work and time 
required to open and close gate means of the origin and 
destination process chambers such that the opening of 
a gate valve at the destination is completed when the 
work reaches the second point on the moving path and 
that a transfer time from the first point to the second 
point becomes the shortest time which is longer than 
the opening and closing time of the gate valve, the 
speed of a work carrying robot being controlled in 
accordance with the set speed patterns, whereby any 
chance of the robot being temporarily stopped is mini- 
mized so as to effect high-speed carrying of a work such 
as a wafer requiring a shortest possible carrying time. 



Cf™D 




'200 170 

</ 

i y c e/eomiT y 





YES 




NO 

190 


SPEED 
PATTERN E 




0 \ 

t 180 




SPEED 
PATTERN 6 



CO 

O) 
CO 

o 

Q. 
W 



Printed by Xerox (UK) Business Services 



FIG.1 



EP 0 891 840 A1 



Description 



TECHNICAL FIELD 



The present invention is applied to a semiconductor manufacturing apparatus and best relates to the realization of 
* i lh a T 9 aCt ' 0n ! Carrying robot in a multi "<=harnber type manufacturing system wherein a plurality 
of process chambers are provided which are adjacent to one transfer chamber provided with a work carrying robot This 
work carrying robot carries a work such as a wafer or an LCD from one process chamber to another process chamber 



BACKGROUND ART 



This kind of multi-chamber type manufacturing apparatus is comprised, for example, as shown in Fig 16 
In Figje around the periphery of a transfer chamber 2 wherein a wafer carrying robot 1 is disposed are provided 
process chambers 3a to 3e which implement various types of semiconductor processes on wafers, a work carry in 
chamber 4 ttiat carries in the work from an external location, and a work carry out chamber 5 that carries out the work 
to an external location. 

h.r ^t2? 16 ^J* 05 * gate 6a 40 6 9 are disposed between process chambers 3a to 3e and transfer cham- 
ber 2 between transfer chamber 2 and work carry in chamber 4, and between transfer chamber 2 and work cany out 
chamber 5. By means of opening these gate valves 6a to 6g, each chamber is made to connect. Further, transfer cham- 

Zl' n 688 IT 3a ;'° 36, WOrk 0307 in Chamber 4 and work ""V out chamber 5 ar * maintained in a vacuum 
state. Further, the degree of vacuum is made to grow larger in order from work carry in chamber 4 and work carry out 
chamber 5 -> transfer chamber 2 -> process chambers 3a to 3e. Gate valves 6a to 6g are restricted in that two or more 
gate valves cannot be opened s.multaneously in order to maintain the degree of vacuum. In other words when one aate 
va^e opens, open.ng control of required gate valves starts in a state in which all the other gate valves are closed 

Moreover a work cany in robot 9 and a work carry out robot 10 are disposed on a work cany in station 7 and a 
workcarryoutstation8.respectively.Workcarryinstation7andworkcarryoU 

carry ,n chamber 4 and work carry out chamber 5. These work carry in robot 9 and work carry out robot 1 0 implement 

17™ ™ * I °t ° f the WOrk (Wafe ° between ,he system and ™ e**™ 1 location. In addition, the 

region on side A in Fig. 16 is an unmanned region and the region on side B is a manned clean room 

In contrast as shown in Fig. 1 7. wafer carrying robot 1 disposed in transfer chamber 2 is. for example, a so-called 
1 , ??^ iSed by ^ 3rmS 1 1 ' 1 2 "■** have 8 rotation de 9 ree of f and * hand 11 3 shaped like 

a K"T ^ 

wSw f J l 7 I °? 8d - FUrth6r ' W3fer W iS SUpported by a ,ifter (" ot shown in W *■» can rise and fall. When 
wafer W loads onto hand 1 3 of robot 1 , the lifter falls. 

~c ! n hl l i S K C °^ 0Si ^ a *! p , rocedure ^ en TOfer r °bot 1 transfers wafer W from process chamber 3c to proc- 

ess chamber 3d is shown below. H 

At first, when the lifter that is supporting wafer W within process chamber 3c is lowered and wafer W is loaded onto 
S ° f ^fer carrying robot 1 (Fig. 17 point P1>, the wafer detection sensor housed within hand 13 turns ON When 
this ON state is confirmed, robot 1 tightens arms 11.12 and wafer W moves to point P2. Then, when wafer W completes 

£T2? ° ? 2 ' r0b0t 1 S10PS 3t thiS P0int 92 once and ^ outDuts a completion signal to a system 

controller (not shown in figure) that controls the entire system. 

When the above-mentioned withdrawal completion signal is received in the system controller, control starts to close 
gate valve 6c. Thereafter, when the system controller confirms the closure of gate valve 6c. control executes to open 
gate valve 6d In addition, gate valve 6d is made to open after gate valve 6c closes due to the above-mentioned restric- 
tion in which two or more gate valves cannot open simultaneously during the open/dosing of gate valves 6c 6d 
nJ^T r0b °^ °u rtPUtS 3 withdrawal completion signal to the system controller, the open/close action of 
gate valves 6c, 6d occurs sde-by-s.de and the robot moves from point P2 to point P3. When point P3 is reached the 
procedure stops once again. Then, after robot 1 confirms the open/close state of gate valve 6d at the time when move- 
ment stops at point P3 and then confirms the opening of gate valve 6d. movement to point P4 starts. In other words 
robot 1 waits at point P3 until the opening of gate valve 6d can be confirmed. " 
M ? im X h f movement to ^ P4 ' robot 1 everts arms 1 1 . 12 to position P4 where wafer W of process chamber 

Sn h ,° t 1 . and th ,f " aft6r 3 P° sitionin 9 occurs at position P4. the robot outputs a movement completion 
signal to the system controller. ^ 

The system controller that received the movement completion signal raises the lifter of process chamber 3d and 
ryingSon W ° nt ° ^ ^ *" ° f ^ 1 ' ^ Pr0 ° edure ab ° Ve iS the Chain of evente in a ^ car ' 

Fig. 8 (a). Fig. 9 (a) and Fig. 10 (a) show each type of movement speed pattern according to the above-mentioned 
conventional technology. 
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Furthermore, in these figures, T is the time (fixed time characteristic to system) required from when gate valve 6c 
starts to open until gate valve 6d completes the close. This is common to all gate valves. 

As is clear from Fig. 6 (a), Fig. 9 (a) and Fig. 10 (a), according to the above-mentioned conventional technology, 
the robot always stops once at the withdrawal point (P2) from the movement origin process chamber and at the 
5 entrance point (P3) toward the transfer destination process chamber. Because of this, time is required for wafer carrying 
making it impossible to achieve efficient wafer carrying and in addition the throughput (number of processes per unit 
time) of the process wafer has not improved once at the present. 

Thereupon, the temporary stop at above-mentioned points P2 and P3 is simply eliminated. For this case, there are 
no problems when the distance between the process chambers is sufficiently distant (when the rotation angle is large) 
10 although when the distance between the process chambers is short (when the rotation angle is small), if the movement 
time from point P2 to point P3 becomes shorter than the above-mentioned time T required to open/close the gate 
valves, the wafer will protrude into the gate valves. Moreover, if this fact is taken into consideration and the robot speed 
reduced, it will become impossible to determine why the temporary stop at points P2 and P3 is eliminated. 

The object of the present invention is to take the above-mentioned points factors into consideration and provide a 
is control device for a work carrying system that can achieve a high-speed work transfer with a transfer speed as short as 
possible as well as eliminating a temporary stop of the robot as much as possible. 

DISCLOSURE OF THE INVENTION 

20 The first invention that corresponds to claim 1 is such that in a work carrying system comprising: a work processing 
device having a transfer chamber to which a work carrying robot is disposed, a plurality of process chambers disposed 
adjacent to the transfer chamber which implement various types of processes on a work, and a plurality of gate means 
ach being disposed between each of the process chambers and the transfer chamber; the work carrying robot being 
adopted to transfer the work positioned at a transfer origin process chamber among the plurality of process chambers 

25 to a transfer destination process chamber along a predetermined movement path through the gate means of the trans- 
fer origin process chamber, the transfer chamber and the gate means of the transfer destination process chamber, in 
which a specified open/close time T is required to open and close the gate means of the transfer origin process cham- 
ber and of the transfer destination process chamber during the transfer, characterized in that: 

30 a first point where the work on the movement path shifts from a moving action from the transfer origin process 
chamber to the transfer chamber to a moving action inside the transfer chamber and a second point where the work 
shifts from the moving action inside the transfer chamber to a moving action from the transfer chamber to the trans- 
fer destination process chamber are set; and 

speed control means is provided which, based on a transfer distance of the work and the open/close time, sets a 
35 speed pattern on the moving path so that opening of a transfer destination gate valve is completed at a moment at 
which the work has reached to the second point on the moving path and a transfer time from the first point to the 
second point becomes a shortest time which is longer than the open/close time T, and controls a speed of the work 
carrying robot in accordance with the set speed pattern. 

40 in the first invention, because the opening of the gate valve of the transfer destination completes when the robot 
passes through the second point and the movement speed pattern is set from the transfer origin process chamber to 
the transfer destination process chamber such that the transfer time from the first point to the second point becomes 
the shortest time which is longer the time T required for open/close of the gate means of the transfer origin process 
chamber and the transfer destination process chamber with this calculated speed pattern being used to drive the robot, 

45 the robot will not stop while it is moving which in turn makes it possible to achieve high-speed work transfer action with 
a short transfer time thereby improving the throughput of the work production. 

Furthermore, the second invention that corresponds to claim 3 further adds conditions, in addition to the conditions 
of the speed pattern of the first invention, that the movement speed at the second point allows the work to stop at a stop 
point set in front of the gate means of the transfer destination process chamber on the movement path and that the 

so movement speed at the first point can be reduced to the movement speed at the second point. 

Further, the work processing device comprises gate open/close detection sensors each detects an open and close 
state of each of the plurality of gate means; 

Further, the invention comprises open/close judgment means that judges open and close state of the gate means 
of the transfer destination process chamber at a time point when the robot reaches the second point by an output of the 

55 gate open/close sensor of the transfer destination process chamber; and stop control means that controls the speed of 
the robot such that, when the opening of the gate means of the transfer destination process chamber is confirmed by 
the open/close judgment means, the stop control means does not stop the robot at the stop point but transfers to the 
transfer destination process chamber and, when the closing of the gate means of the transfer destination process 
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45 



50 



55 



chamber is confirmed by the open/close judgment means, the stop control means stops the robot at the stop point 

noint a °nw^ 9 10 thasecond inventon - the robot can ™>ve without stopping even when the distance between the first 
pant and the second pent is short and for a case other than when an abnormality occurs the rSrt ^?^Jln 
even more efficient work carrying action without stopping in transit 6 " 

5 onJJSi ' n additio " t0 the second invention ' t"e third invention that corresponds to claim 4 further comprises second 
open/close judgment means that constantly judges the open and close state of the gate tmmJ^SSSSS 
ten process chamber by the output of the gate open/close sensor of the transfer deLa^cess VEZEZ aStoe 
work passed the f,rst point; and acceteraten/deceleration switching control means thanS^^^l^ten 

w S £S£? T'° n aCti ° n if the 93te means 01 *• transfef destinat ™ Process chamSr is 

In the third inventon, because the acceleration/deceleration switching control means is added that immediate 
stops deceleration and executes an acceleration action when a judgment fs made thaHhe gate meanS of 

time 1 ^ * ,S P 088 " 5 ' 6 10 8Chieve an efficient work fransfer in an even short* 

•ng dev.ee havmg a transfer chamber to which a work canying robot is disposed a plurality of procL cTambl^ 
posed adjacent to the transfer chamber which implement various types ^pto^^^^^S^^ 

ZS ^ d T Sed b6tWeen 6300 ° f the process <*ambersand Se »e2cS 

SSI? ford *«^ open and Cose state of the piurality of gate means; ^^1^ 

° fk P ° Srt,0ned at 3 transfer ori9in process chamber among the plurality of process chambers 
to a transfer destination process chamber along a predetermined movement path throug th , gatomeS ^ th^ran? 
fer or,g,n process chamber, the transfer chamber and the gate means of the transS ^dSLn p'ocest SfamS" 

' ^ na f S e l rfie l 0P r /d0Se time is r ^ uired to °P* close the gate means of the XSS^S^^ 
ber and of the transfer destnation process chamber during the transfer, characterized in that: 

mpSt fe l pre ? us ! y set at a redetermined position on the movement path before the work reaches the gate 
'T" Pr0C6SS Chamber and a ^mation point is previously set at a^StaSS 
posjon on the movement path before the stop point, for confirming the open and close state of the qaTe mZs7f 
the transfer destination process chamber; and that the invention comprises- ° 
irst speed control means that previously sets a movement speed pattern of the work carrying robot from the Iran* 
fer ong,n process chamber to the transfer destination process chamber such that £ Zl 
movement path becomes a shortest time on a condition that the speed at the corrfirrration ^int ,s set to an 

Vk 6 9 m6anS ° f the ** nSfer deStinati0n process chamber at a ™™nt *e work passesTe c^f- 
f -rmation point by an output of the gate open/close sensor of the transfer destination process chambeTar^ Tsec^nd 

Sn^nT ^ *" ** mtk 10 tne transfer destination ^ess chLber JoSS 

SEEL" f I" ^ thS m0Vem6nt ^ ^ Set in 106 f irst «** means wkeXXl 
o the gate means of thetransfer destination process chamber is confirmed by the open/close iudomentmeaS 

a^socontioj the speed of the robot such mat the workstops atthe s^ 

of the transfer destnation process chamber is confirmed by the open/close judgment means 

nninHn^? 9 ^? ^ beCauSe 406 speed is set such that the robot can stop at the specified stoo 

pant in front o< the transfer destination process chamber, the speed pattern is not set such that ihTZnT?^t 
thefirst point to the second point becomes is fonger than the op'en/clo^^ 

tination process chamber as in the first invention. transfer des- 

frnn,^?* ^"H? 9 '° ^ ^ invention ' ** robot can move at a «P«* P^em with toe shortest transfer soeed 
from among the speed patterns that allow the robot to stop at a specified point in front of the tiansferlestinSrof 
ess chamber when a close of the gate means of the transfer destination process chamber is dete7ed 
an*,™ 7 Z ? 10 daim 7 ^rther adds, in addition to the fourth invention, acceleration/decel- 

eration switching control means for immediately stopping deceleration and executing an acceleration Sion hSL 
ZSZ t0 J ie t COnfirmation P° int if * * M>- hy the second open/close judgment means ShTgate meLns of 

Pt0C *S Chambef iS ° Pen6d 3nd if the deceleration ac ^ is execut «l at the Zl ^ofthTsTuXmit 
because of this, rt .s possible to achieve an efficient work transfer action in an even shorter time 9 

Next, the sixth invention that corresponds to claim 9 is such that in a work carrying system comnrisinn- a 

processing de.ee having a transfer chamber to which a work carrying robot is ^S!^Z^s ^ 

bers disposed adjacent to the transfer chamber and which implement various typJrfp^„f^p^ 
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of gate means each being disposed between each of the process chambers and the transfer chamber, and gate 
open/close detection sensors that detect each open and close state of each of the plurality of gate means; the work car- 
rying robot having work support arms which allow a first movement relative to a work movement between the process 
chambers and the transfer chamber as well as a second movement relative to a work movement within the transfer 

5 chamber, and being adopted to pass by the first movement the work positioned at a transfer origin process chamber 
among the plurality of process chambers through the gate means of the transfer origin process chamber to move the 
work to the inside of the transfer chamber, transfer the work inside of the transfer chamber by the second movement, 
and pass by the first movement the work positioned within the transfer chamber through the gate means of the transfer 
destination process chamber to transfer the work to the transfer destination process chamber; wherein a specified 

10 open/close time is required to open and close the gate means of the transfer origin process chamber and of the transfer 
destination process chamber during the transfer, characterized in that the system comprises: speed pattern setting 
means that previously sets a first speed pattern relative to an acceleration to a deceleration stop of the second move- 
ment and a second speed pattern relative to an acceleration to a deceleration stop of the first movement from within the 
transfer chamber to the transfer destination process chamber that is carried out subsequent to the second movement; 

75 open/close judgment means that starts an open/close judgment of the gate means of the transfer destination process 
chamber based on an output of the gate open/close sensor from a moment when the robot passes a confirmation start 
point that is a predetermined position enroute on the moving path by the second movement; speed pattern generation 
means that merges the first speed pattern and the second speed pattern at a moment when the open/close judgment 
means confirms the opening of the gate means of the transfer destination process chamber; and robot drive means that 

20 selects the first speed pattern in connection with the work transfer to the confirmation start point within the transfer 
chamber, selects a speed pattern generated by the speed pattern generation means from the confirmation start point 
to the transfer destination process chamber and controls the speed of the work carrying robot in accordance with the 
selected speed pattern. 

According to the sixth invention, the first speed pattern relative to the work movement within the process chamber 
25 and the second speed pattern relative to the work movement from the process chamber to the transfer destination proc- 
ess chamber are merged at the moment when the open/close judgment means confirms the gate means of the transfer 
destination process chamber is open and, in accordance with these merged speed patterns, the speed from the posi- 
tion that corresponds to the moment when the gate means of the transfer destination process chamber is confirmed to 
be open to the transfer destination process chamber is controlled in order to prevent the work from coming into collision 
30 with the gate means without stopping the work as much as possible. Therefore, along with making it possible to reduce 
the probability that the work must actually stop, it also becomes possible to execute an acceleration action toward the 
transfer destination process chamber not only from a state in which the robot is completely stopped with a speed of 0 
but also in a state that has this approximate speed. Furthermore, in the sixth invention, because the merging of the 
speed patterns implements a control to prevent the work from protruding toward the gate means, speed patterns previ- 
35 ously held for one path are reduced making it possible to conserve memory capacity in addition to simplifying the con- 
trol structure. 

Next, the seventh invention that corresponds to claim 10 stipulates that the second movement, which is the work 
movement within the process chamber of the sixth invention, is a movement from the approximate front position of the 
transfer origin process chamber within the transfer chamber to the approximate front position of the transfer destination 

40 process chamber within the transfer chamber. 

Next, the eighth invention that corresponds to claim 12 is such that in a work carrying system comprising: a work 
carrying device having a transfer chamber to which a work carrying robot is disposed, a plurality of process chambers 
disposed adjacent to the transfer chamber and which implement various types of processes on a work, a plurality of 
gate means each being disposed between each of the process chambers and the transfer chamber, and gate 

45 open/close detection sensors that detect each open and close state of the plurality of gate means; the work carrying 
robot having work support arms which allow a first movement relative to a work movement between the process cham- 
bers and the transfer chamber as well as a second movement relative to a work movement within the transfer chamber, 
and being adopted to pass by the first movement the work positioned at a transfer origin process chamber among the 
plurality of process chambers through the gate means of the transfer origin process chamber to move the work to the 

so inside of the transfer chamber, to move by the second movement the work positioned at an approximate front of the 
transfer origin process chamber within the transfer chamber to a position at an approximate front of the transfer desti- 
nation process chamber within the transfer chamber, and to pass by the first movement the work positioned at the 
approximate front of the transfer destination process chamber within the transfer chamber through the gate means of 
the transfer destination process chamber to transfer the work to the transfer destination process chamber; in which a 

55 predetermined opening and closing time is required to open and close the gate means of the transfer origin process 
chamber and the transfer destination process chamber during the transfer, characterized in that the system comprises: 
speed pattern setting means that previously sets each of a first speed pattern relative to an acceleration to a decelera- 
tion stop of the first movement up to a first intersecting point that intersects the first movement from the transfer origin 
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t^^ 3 ? *. t0 *? ,f !?S er Chamber and the second cement, a second speed pattern relative to an accelera- 

m °l em « * , the f " St m ° Vement from the chamber to tne transfer destir«tion process 
SSSiJi^irS P f L" relatiVe t0 m acce,eration to a deceleration stop of the first movement from the sec- 

th i 2^2 T w * tranSfSr d6Stinati0n pr0C6SS Chamber: first s P eed P attern Station means that merges 
the f,rst speed pattern and the second speed pattern at a moment when the workpasses through a predetermined poS 
ton previously set between the gate means of the transfer origin process chamber on the transfer path and the first 
intersecting point; open/close judgment means that starts an open/close judgment of the gate means of the transfer 
destination process chamber based on an output of the gate open/dose sensor from a moment when the robot paSs 
T* *** ! 3 P rede,ermined P 05 ^" enroute on the path by the second movement; second 
speed pattern generation means that merges the second speed pattern and the third speed pattern at a moment when 

J 9me 1 ^ COn,irmS the °P enin9 0f ^ 9ate means of the destination process chamber- 
arri robot drive means that selects the first speed pattern generation means from the transfer origin process chambe 

r.^t'Sr f rt PO " ,t ' Se 'f S ^ Spe6d P 3 ^" 9eneration means from ,he confirmation start point to 

r e !eSpe^a?e^ "* *" * ™ k f0b0t in acCordance w » h *■ 

In the eighth invention, at the moment when the work passes through a fixed position previously set between the 

a f , J speed pattern relative to the movement from the transfer origin process chamber to the first intersecting poinTand 

Lr^tSoffr 'T^ t0 ? m ° Vement fr ° m *" ^ interSeCt,n9 P° int to *• second intersecting^" 
"J rol speed in accordance wrth the merged speed patterns. Therefore, the transfer from the movement 

°T P ^ Chamber t0 * e transfer chamber toward the m ° veme "t *he transfer chamber is 
implemented on a path made by merging the first and second speed pattern which forms a short cut 

nJZT^ 6 '^ ?*? inVenti ° n ' 31 ,h6 m ° mSnt when tne "Pen/close judgment means confirms the gate 
means of the transfer destination process chamber is open, the second speed pattern and the third speed pattern rel- 
ative to Je movement from the second intersecting point to the transfer destination process chamber are merged and 
l^r^l^I tese merged speed patterns, speed control is implemented from the position that corresponds to 
the moment when the gate means of the transfer destination process chamber is confirmed to be open to theTansfer 
destination process chamber. Therefore, the transfer implements on one path from among a plurality of different sS 
patts in proportion to the position that corresponds to the moment when the open/close judgment ^JTSSSSS 

SLXei chaXf d6Stinati ° n * ° P ' n ^ *" COnfirmafion s!art ^ to 

an T 6 " 0< the 9ate meanS ° f the transfer destination Process chamber is not confirmed before the 
work s ops at the second intersecting point, the work will stop once at the second intersecting point and then after the 
work stop* rt w,ll be transferred from the second intersecting point to the transfer destination procesTcha^bera^ £ 
moment when an open of the gate means of the transfer destination process chamber is confirmed 

According to the e.ghth invention as described, because the transfer of the work is carried out through the shorter 
patt, the work transfer d.stance from the transfer origin process chamber to the transfer destination process chambe 
becomes shorter along with sudden angles which function to after the direction on the path being StaS 

aTw*k^ 

of the LT™ ^i" 9 ? th ? invention ' b y meansof ^"9 the speed patterns at the mo 

of the gate means of the transfer destination process chamber is confirmed and using these merged speed patterns to 

S£5f SPe !?' Pr0tri T n ° f the W ° rk ^ ^ 93te means is avoided ***** stopping the work at tSe seSnd 
intersecting point as much as possible. Therefore, along with malting it possible to reduce the probability that the work 

3222? Ti " alS ° t beC0m6S P 0Ssible to execute a " acceleration action toward the tranL destination proS 

*™L t V l° m 3 St3te Wh ' Ch thG ^ iS com P |ete| y ^PP^ ^th a speed of 0 but also in a state that has this 
approximate speed. 

Furthermore, because the protrusion toward the gate means is controlled by means of the merging of the speed 

SSJiS ^ P atte ^ PreVi ° USly h6ld for ° ne P ath are im P roved usi "9 ^ee speed patterns 
memory capacity in addition to simplifying the control structure. 

Next, the ninth invention that corresponds to claim 1 3 stipulates the arrangement on the periphery of the plurality 
of process chambers and the transfer chamber in the eighth invention along with stipulating that the work support am* 
can rotate and move in a straight line in the centripetal direction and the centrifugal direction 

Next, the tenth invention that corresponds to claim 16 is such that in a work carrying system comprising- a work 

sssssr? t ? t trans,e j ch r ber to which a work ca ^ robot * « of l^vz 

bem d.sposed adjacent to the transfer chamber which implement various types of processes on a work, and a plurality 
of gate means each be.ng disposed between each of the process chambers and the transfer chamber- the work carry- 
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ing robot being adopted to transfer the work positioned at a transfer origin process chamber among the plurality of proc- 
ess chambers to a transfer destination process chamber along a predetermined movement path through the gate 
means of the transfer origin process chamber, the transfer chamber and the gate means of the transfer destination 
process chamber, wherein a specified open/close time is required to open and close the gate means of the transfer ori- 
gin process chamber and the transfer destination process chamber during the transfer, characterized in that: 

a confirmation start point is previously set for starting confirmation of the open and close state of the gate means 
of the transfer destination process chamber at a front position where the work makes contact with the gate means 
of the transfer destination process chamber on the movement path and a predetermined withdrawal path different 
from the movement path is previously set as a start point of the confirmation start point; and that the system com- 
prises: 

open/close judgment means that starts judgment of the open and close state of the gate means of the transfer des- 
tination process chamber based on an output of the gate open/close sensor from a moment the robot passes the 
confirmation start point; and speed control means that moves the work to the transfer destination process chamber 
on the movement path when the open/close judgement means confirms the opening of the gate means of the trans- 
fer destination process chamber at a moment when the work passes the confirmation start point, selects the with- 
drawal path and moves the work when the opening of the gate means of the transfer destination process chamber 
is not confirmed by the open/close judgement means at the moment when the work passes the confirmation start 
point, and controls a speed of the work carrying robot such that the work is allowed to return to the movement path 
at the moment when the open/close judgment means confirms the opening of the gate means of the transfer des- 
tination process chamber on the withdrawal path. 

In the tenth invention, because the speed is controlled such that the work is allowed to move to the transfer desti- 
nation process chamber on a normal movement path when the gate means of the transfer destination process chamber 
is confirmed to be open at the moment when the work passes the confirmation start point along with the selecting the 
withdrawal path when the gate means of the transfer destination process chamber is not confirmed to be open at the 
moment when the work passes the confirmation start point and then allows the work to move allowing the work to return 
to the movement path at the moment when the gate means of the transfer destination process chamber is confirmed to 
be open on the withdrawal path, along with making it possible to reduce the probability that the work must actually stop, 
it also becomes possible to execute an acceleration action toward the transfer destination process chamber not only 
from a state in which the robot is completely stopped with a speed of 0 but also in a state that has this approximate 
speed. 

Next, the eleventh invention that corresponds to claim 17 is such that in a work carrying system comprising: a work 
processing device having a transfer chamber to which a work carrying robot is disposed, a plurality of process cham- 
bers disposed adjacent to the transfer chamber which implement various types of processes on a work, a plurality of 
gate means each being disposed between each of the process chambers and the transfer chamber, and gate 
open/close detection sensors that detect each open and close state of the plurality of gate means; the work carrying 
robot being adopted to transfer the work positioned at a transfer origin process chamber among the plurality of process 
chambers to a transfer destination process chamber along a predetermined reference movement path through the gate 
means of the transfer origin process chamber, the transfer chamber and the gate means of the transfer destination 
process chamber, wherein a specified open/close time is required to open and close the gate means of the transfer ori- 
gin process chamber and the transfer destination process chamber during the transfer, characterized in that: 

a confirmation start point is previously set for starting confirmation of the open and close state of the gate means 
of the transfer destination process chamber at a position before a position where the work makes contact with the 
gate means of the transfer destination process chamber on the reference movement path, a predetermined with- 
drawal path different from the reference movement path is previously set taking the confirmation start point as a 
start point and that extends to a previously set predetermined stop point and a plurality of different return paths are 
previously set which return the work from each position on the withdrawal path to the reference path; and that: 
the system comprises open/close judgment means that starts judgment of the open and close state of the gate 
means of the transfer destination process chamber based on an output of the gate open/close sensor from a 
moment the robot passes the confirmation start point; speed pattern setting means that previously sets each of a 
first speed pattern for moving the work from the transfer origin process chamber to the confirmation start point on 
the reference movement path, a second speed pattern for moving the work from the confirmation start point to the 
transfer destination process chamber on the reference movement path, and a plurality of third speed patterns which 
extend from the confirmation start point to the transfer destination process chamber through the withdrawal path 
and the return path; and robot drive means that selects the first speed pattern from the transfer origin process 
chamber to the confirmation start point, selects the second speed pattern when the open/close judgment means 
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Sr^tT^J' the aate u means °f the ^"sfer destination process chamber at the confirmation start point 
selects the third speed pattern when the open/close judgment means does not confirm opening of the gate means 
of the transfer dest.nat.on process chamber at the confirmation start point, and controls the speed ?fK££ 
rying robot in accordance with the selected speed pattern. 

In the eleventh invention, when the gate means of the transfer destination process chamber is not ooen at the 
S 1 * 6 WOr , kpasSes *• confirmation start point, the withdrawal path wherein the JSZEL*!?^ 
standard path does not make contact with the gate means and the return path toward the standard path awav from Sis 

SSSTi!^" PreW ' 0US |r Set " ^ ^ ° Pen/b,0Se jud9nSt "*« confirmsTeS m^°of Se 
transfer destination process chamber is open at the confirmation start point, the work transfers to the transfer de^ ina 
t.on process chamber along the normal standard path and when the open/close judgment meaV do* ^ St conf iS frte 
gate means of the transfer destination process chamber is open at the confirmation start pZ tne work Snsfet 1™ 

S^fZ? T A ! ,he r ment ^ me gate means of the trans,er destination 

eir:^ 

Therefore, in the eleventh invention, when the gate means of the transfer destination process chamber is not con- 
irmed to be open, the work is set free on the withdrawal path and at the moment when the gates SnXiSS 
to the open me work transfers to the fransfer destination process ch 

Tn^foV^ 

Therefore,, along wrth making it possible to reduce the probability that the work must actually stop H also becomes dos 
s.b.e toe^cute an acceleration action toward the transfer destination process chamber not only from a sLTeTwnT* 
the robot is completely stopped with a speed of 0 but also in a state that has this approximate speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flowchart showing the calculation setting procedure of a speed pattern between the point 1 and the point 
2 according to the first mode of the present invention; P 

2' 1 11 b !°? di T m Sh0Wi " 9 m eXamP ' e °' 3 com P osition of control system of the present invention- 
Fig. 3 shows the wafer movement path according to a mode of the present invention- 

^tstsir* va,ue used during the ca,cu,aton of a accordin9 to the first 

3? 25 f ^5 b l Sh0W ° ne f° rti0n ° f * ie ***** Pattern used in ^ f irst mode toe present invention; 

Figs, 6(a) to 6(d) show examples of each type of a speed pattern from point S to the point 1 and from the point 2 to 

iSe S nti 7 in! * ^ *** ^ ^ ^ 1 10 the P° int 2 aCCOrding t0 the first mode of the P^ent 

SsenSiSo^ ^ 6XamPleS ° f 3 ^ Pattem t0 3 conventional "»* «d the first mode of the 

Ssem invent ^ eXamPl6$ ° f 3 ^ aC ° 0rdin9 10 3 conventional »"* and *e first mode of the 

S'presS^S?; * ' ^ ^ aCC ° rdin9 * 3 conventional mode ai * the first mode of 

aid liSSUJiT °' P T ie, !l ValUe US6d dUn ' ng Ca ' CUlati0n « a speed P attern accordi "9 to the second 
and third modes of the present invention; 

Figs. 12(a) and 12(b) show speed patterns from the point 1 to the point 2 according to the second mode of the 
present invention; 

SntiSf *° 1 3{6) Sh ° W PattemS fr ° m *** 1 10 * he P ° int 2 aCC ° rding *° to* third mode of the present 
Fig. 14 describes parameter value NO used in the third mode of the present invention- 

SsenfiSe^on 1 ;^ ^ PattemS *" 1 *° ^ 2 aCC0T ^ 9 t0 the fourtn mode of the 
Sot 6 ^ 3 9en6ral VieW Sh ° Win9 3 multi - chamber ^ manufacturing system wherein is disposed a wafer carrying 

wafer ^rJn^Sof ^ draWi " 9 Sh0Win9 3 multl '- chamber ty P e ^""facturing system wherein is disposed a 

Fig. 1 8 shows the work transfer path according to the fifth mode. 

Fig. 1 9 shows an example of a speed pattern according to the fifth mode. 

Fig. 20 is a flowchart showing the wafer carrying action of the fifth mode. 
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Fig. 21 shows the work transfer path according to the sixth mode. 
BEST MODES FOR CARRYING OUT THE INVENTION 

5 In the following, embodiment for carrying out the invention will be described referring to the attached drawings. 

Fig. 2 shows an example of a composition of the control system of the present invention. This control system con- 
trols the multi-chamber type processing system shown in Fig. 16 and Fig. 17. 

In Fig. 2, wafer detection sensor 20 is mounted to hand 13 of wafer carrying robot 1 of Fig. 17 and detects whether 
wafer W is loaded on hand 13. A wafer detection signal is input into system controller 30 and robot controller 40. Gate 
10 valve detection sensors 6as to 6es are disposed on gate valves 6a to 6e which are disposed on each process chamber 
3a to 3e of Fig. 16. These sensors detect an open and close state of each gate valve 6a to 6e. Gate valve open/close 
signals detected by means of each of the gate valve detection sensors 6as to 6es are input into system controller 30 
and robot controller 40. 

System controller 30 provides general control of each compositional element shown in Fig. 16. The control related 
15 to the present invention executes as shown below. 

(1) Open/close control of gate valves 6a to 6e 

(2) Instruct the robot start command, chamber number of transfer origin and chamber number of transfer destina- 
tion when executing a wafer load between process chambers in robot controller 40 

20 (3) Output an abnormal.stop command to the robot controller 

Robot controller 40 controls the drive of wafer carrying robot 1 . The control related to the present invention exe- 
cutes as shown below. 

25 (1) Output a withdrawal completion signal to the system controller if the arms tighten and retract from the transfer 
origin process chamber when executing a wafer load between process chambers 

(2) Output a movement completion signal to the system controller when executing a wafer transfer between proc- 
ess chambers if the wafer reaches the transfer destination process chamber 

30 However, the following two functions are included in robot controller 40 in order to implement the present invention. 

(1) Parallel processing function that allows parallel execution of the reception and transmission of signals between 
the drive system of the robot and external devices (system controller 30 and wafer detection sensor 20, gate valve 
detection sensors 6as to 6es) 

35 (2) Pass point function that allows teaching points (such as points P2 and P3 of Fig. 1 7) other than start points and 
stop points to pass without being positioned and stopped 

A first embodiment according to this composition will be described. 

When executing a wafer load between process chambers in the first embodiment, a high speed is maintained as 
40 much as possible based on the distance between the process chambers to be moved and time T required to open and 
close the gate valve of each chamber without stopping at the standby point (P2 of Fig. 1 7) from the transfer origin proc- 
ess chamber and the entrance point (P3 of Fig. 1 7) to the transfer destination process chamber at the least. And in addi- 
tion, when the robot reaches the entrance point (P3 of Fig. 17) of the transfer destination process chamber, a transfer 
speed pattern is obtained that completes the open action of the gate valve of the transfer destination process chamber 
45 and then the robot is driven based on this transfer speed pattern. 

For example, the broken line q in Fig. 3 represents the transfer path of the center of wafer W from process chamber 
3c to process chamber 3d. At first, an outline of the operation of the first embodiment will be described referring to Fig. 
3. 

To begin, a command is input from system controller 30 to robot controller 40 to move wafer W located within proc- 
so ess chamber 3c to process chamber 3d. When robot controller 40 detects that wafer W is loaded onto hand 1 3 of robot 
1 from a detection signal of wafer detection sensor 20 housed inside hand 1 3 (point P1 ), arms 1 1 , 1 2 of robot 1 tighten 
transferring wafer W to point P5. Then, when robot 1 reaches point PS, robot controller 40 outputs a withdrawal com- 
pletion signal to system controller 30. Further, the robot does not stop at point P5. 

When system controller 30 receives the withdrawal completion signal, the first action is to implement control to 
55 close gate valve 6c. When a confirmation using the output of gate valve open/close sensor 6cs is made that gate valve 
6c is closed, the next action is to implement control to open gate valve 6d. Further, as described above, due to the lim- 
itation in which two or more gate valves cannot be opened simultaneously when opening and closing gate valves 6c, 
6d, gate valves 6d opens after gate valves 6c closes. 
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m of *«, «*. 6d a. Jnlen, STfe'r ^ C0 *° l ^ -P"- 

of the wafe, earryino ecSon" """" s,aem co * ollef » "» P-Poess above is an outline 

"°*transferdistance^ ,ine «* « a circular arc and the 

along with sudden angles which function Tafttfthe dtS on ^ 

to transfer the work at high speeds on umSmm^^X^ makin 9 * P 088 ^ 

Ne«detai.s of the speed control ISS^rn^r*"^^"^ 1 ^ 

berbl^t^^^ 

being an end pointE (conespS to P4 J fL S t£2IT? 1 k^'" 9 ^ ^ 3n0ther P roce8s *«*» 
of robot arms 1 1 . 12 and the poim t?£S^£fl SfOZ"*? "f* ° f ^ retraCti ° n by means 
made to transfer along a shorter path ITc^^Vr^Z^ tt,e ;°^ on «*<». For this case, because the work is 
of the actual rotation fs a posion ^^^^ ?*" 3nd r ° tation acfon ' tne «« point 

closer to the point 2. s,.gntiy closer to the pent 1 and the start point of arm extension is a position slightly 

^Furthermae.^^ 

Hereupon, the following parameters are set. 



vm: 
25 am: 



Maximum movement speed when expanding/tightening the arms of the robot 

EZ^Trr* aCCe o ra,,0n " h8n ^ing^ghtening the arms oJStobot 
Movement time from Doint S tn fh« nr.in* 1 ika*. . * . WL 



t1- Mn, am ^ t «~ , ■ tafjdnaingmgniening the arms of the robot 

LI ■ %2ZZS IT"* S t0 th6 P*" 1 (Moment time from the point 2 to poS' E) 
L1 Distance from pomt S to the point 1 (Distance from the point 2 to pdntE) 

Maximum rnta+inn e««^ ~* il i— H 11 c / 



• — 1^*11 II I ^1 

<»m: Maximum rotation speed of the robot 
do>m: Maximum rotation acceleration of the robot 

30 V1: ° — • - 



V2: 



35 



„ UUI , Wl u lc , UUUL 

Spaed of the robot passirXS?, mSSSS T I? ,aractonacltonto » 1 am,'ota«on acton) 



0: Rotation angle 



45 



50 



55 



r: Rotation radius 

Next, in the following prerequisite conditions during speed control of the first embodiment are shown. 

• Prerequisite condition (a) 

«^=e^^^^ 

• Prerequisite condition (b) 

• Prerequisite condition (c) 

gate valves 6S and 6E. pfflnt being lon9er tme T rec - uir ed to open and close 
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• Prerequisite condition (d) 

The movement time from the point 1 to the point 2 are made as small as possible under conditions in which this 
time is longer than the total time T of the open/close of the above-mentioned gate valves. 

£ 

• Prerequisite condition (e) 

Set a limit speed Vrt and a limit acceleration alt to prevent the wafer from slipping or dropping from the hand. 
In the first embodiment, a movement speed pattern generates that satisfies all of the above-mentioned prerequisite 
10 conditions (a) to (d). 

In the following, a movement speed pattern lead-through control procedure of the first embodiment that satisfies 
the above-mentioned prerequisite conditions (a) to (d) will be described. 

In robot controller 40, in order to determine movement speed V1 (=V2) at point P1 (and the point 2) when a wafer 
movement command is input from system controller 30 (step 100), at first, the following four values are calculated (step 
75 110) and the smallest value from among these four calculated values is movement speed V1 (=V2) at point 1 (and point 
2). Moreover, the symbol V 0 is a substitute symbol that represents an equation within 0 included in the V. 

• vm 

• V (2am • Li) 
20 • rcom 

• r • vc 

Initially, vm is the maximum movement speed when expanding/tightening the arms of the robot and is a value (fixed 
value) characteristic to the robot. In other words, when vm is selected as V1 (=V2), a case is presumed wherein the 
25 maximum speed vm is reached before the robot leaves start point S and reaches the point 1 . 

Next. V (2am * L1) is the maximum acceleration am from start point S to the point 1 and is the speed at the point 
1 when acceleration continues. In other words, V (2am • L1) is calculated by means of the following equation (1). 

V1 =am • t1 = /(2am • L1) 

30 

The reason for this is as shown below. 

t1 = / (2L1/am) (1) 

35 When this value V (2am • L1) is selected as V1 (=V2), after the robot leaves start point S, it will reach the point 1 
before reaching maximum speed vm in a state in which it is accelerated by maximum acceleration am. 

Next, r • com is the maximum rotation angular speed at the point 1. In other words, at the point 1 , for example, if an 
arm retraction speed is selected as speed V1 of the point 1 faster than the maximum rotation angular speed r • com 
even when the retraction speed (for example, vm) of the robot arm can exceed the maximum rotation angular speed r 

40 • com of the arm, a sudden speed reduction will intensity during a rotation after that. Because of this, when the maxi- 
mum rotation angular speed r • com of the arm is smaller than vm or V(2am • L1), the maximum rotation angular speed 
r • com will be selected as speed V1 of the point 1 . 

Next, although the equation is r • vc exists, this value vc (angular speed) is presumed for a case when it becomes 
necessary to change from at least a deceleration action to an acceleration action during a rotation action from the point 

45 1 to the point 2 when the movement distance between process chambers is short (rotation angle 6 is small), the move- 
ment time from the point 1 to the point 2 is made longer than time T required to open and close gate valves 6S and 6E 
and V1 (=V2) is set to as large a value as possible. A description for vc is provided referring to Figs. 5 (a) and 5(b). 

At first, in order to make it possible to set V1 (=V2) to as large a value as possible for the change from a decelera- 
tion action to an acceleration action during a rotation action, a change from a deceleration action to an acceleration 

so action implements based on the maximum rotation acceleration (=maximum rotation deceleration) dcom as shown in 
Fig. 5. 

Hereupon, as shown in Fig. 5 (a), when the angular speed of the point 1 (=angular speed of the point 2) is vc, the 
deceleration time when decelerating to a speed of 0 becomes c/dcom based on the maximum rotation acceleration - 
dcom and the acceleration time when accelerating to vc also becomes based on the maximum rotation acceleration 
55 dcom again from a state of a speed of 0. Furthermore, in Fig. 5 (a), the surface area of the hatching portion is equal to 
rotation angle 0. Therefore, the following equation (2) holds true. 

vc= /(dcom • 6) 
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Because, 



2 • (vc/2) • (vc/dcom) = e ^ 

1Q 2 J (dcom • ej/doom. 

^fa^ts^™" 1 *" T '">** » " 00M valves 6S and 6E, wnen „s 
75 T^2/ (da>m • e)/dcom, 

vc - V(tm e T ttern Sh0Wn * 5 (3) " UtiH2ed 35 ^ movement «P- P««ern from the point 1 to the point 2 as 

T < wSrStXr " ^ 5 18 36 ^ ""^ "° m *« P« Point 2 when 

■ 

* ing Sn" iSws^f SUrf3Ce " ° f hatChi " 9 P ° rti0n COi " ddeS with rota «°" «* * before, the foilow- 

6 = (T • d©m/2) • (T/2) + (vc-(T • d©m/2)) • T 

Therefore, 



35 



vc = {8 + (T/2)*2 • da>m}/T 

140). envmofV(2am • L1)ate«le«ea»<manCT9lhelbi» pa ram ae«»1it«deOTibed(ae^ 130. 

- ere ZZZXSSZZZF K™ ^ 6 K lhe — '•»*»■• W"- 2 to the end point E 
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time T (step 160). 

Next, a case when rum is selected from among the four parameters will be described (steps 130, 1 70). 
When maximum rotation speed room is selected, the speed patterns from start point S to the point 1 and from the 
point 2 to the end point E are as shown in Fig. 6 (c) for example. The speed pattern in Fig. 6 (c) is just an example. 
5 Generally speaking, for the path from start point S to the point 1 , a speed pattern is selected that allows speed room to 
be obtained at the point 1 as well as movement between start point S and the point 1 at the shortest time possible. 

Next, the rotation action from the point 1 to the point 2 when room is selected becomes a deceleration pattern B 
shown in Fig. 7 (b) and a constant velocity pattern E shown in Fig. 7 (e). 

Namely, when ream is selected, compared to the above-mentioned gate valve open/close time T, if a time e/com 
w when moving a circular arc shaped distance r between the point 1 and the point 2 using value V1 is 8/<om ^ T , a con- 
stant velocity pattern E will be utilized as shown in Fig. 7 (e) that allows the distance between the point 1 and the point 
2 to be larger than T as well as rotate at an time as short as possible (step 180). For this case, because the maximum 
rotation speed room is utilized as V1 , acceleration above this is not possible thereby implementing constant velocity con- 
trol. 

15 Furthermore, if 6/com < T , a deceleration pattern B will be used as shown in Fig. 7 (b) that allows movement at a 
time wherein the distance between the point 1 and the point 2 coincides with the above-mentioned gate valve 
open/close time T (step 190). 

Next, a case when r • vc is selected from among the four parameters will be described (steps 130, 200). 
When rvc is selected, the speed patterns from start point S to the point 1 and from the point 2 to the end point E 
20 are.as shown in Fig. 6 (d) for example. The speed pattern in Fig. 6 (d) is just an example. Generally speaking, for the 
path from start point S to the point 1 , a speed pattern is selected that allows speed rvc to be obtained at the point 1 as 
well as movement between start point S and the point 1 at the shortest time possible. Of course, as described above, 
for the vc value at this time, vc = V(dcom • 6) is selected when T^2V(dcom • e)/dcom and when 
T < 2 V(dcom • e) /dcom , vc = {9 + (T / 2) A 2 • dcom} IT is selected. 
25 Next, the rotation action from the point 1 to the point 2 when rvc is selected will be described using Fig. 5. When 
T £ 2 V(dcom • 6) /dcom , speed pattern C (= Fig. 5 (a)) shown in Fig. 7 (c) is selected (steps 200, 210) and when 
T < 2 V(dcom • 6)/dcom , speed pattern D (= Fig. 5 (b)) shown in Fig. 7 (d) is selected (steps 200, 220). 

If the speed patterns are determined from start point S to end point E in this way. robot controller 40 controls the 
speed of the robot in accordance with the determined speed patterns. 
30 Fig. 8, Fig. 9 and Fig. 10 show comparative examples of speed patterns according to the above-mentioned first 
embodiment and speed patterns using conventional technology. Further, in these figures, point P2 and point P3 on 
each time axis represent the points in Fig. 3. 

For Fig. 8, movement stops at point P3 and the opening of gate valve 6d is delayed with conventional technology. 
However, according to the first embodiment, when point P3 is reached, this coincides with the moment gate valve 6d 
35 opens completely and the entire transfer time can also be shortened by only 2AT compared to conventional technology. 
Further, for Fig. 9 as well, according to the first embodiment, the entire transfer time can also be shortened by only 
2AT compared to conventional technology. 

Even further, for Fig. 10, gate valve 6d opens during robot rotation without any wait time. However, according to the 
first embodiment, the wafer transfer time can be shortened even more than conventional technology by only 2AT + a. 
40 Moreover, a is the time that passes until reaching end point P4 utilizing conventional technology after opening gate 
valve 6d. 

In the first embodiment, the movement speed pattern from start point S to end point E is made to be symmetrical 
with the center point of the time axis as the center line although in the present invention this is not a limitation. Namely, 
V1 need not equal V2. 

45 Next, the second embodiment of the present invention will be described referring to Fig. 1 1 . 

When the point 2 of Fig. 1 1 is reached (in actuality, the movement does not pass over the point 2 therefore this 
refers to the point on the movement path (shortest path) that corresponds to the time when the point 2 should be passed 
), the open/close state of gate valve 6E on the transfer destination side is checked. When gate valve 6E is closed, the 
movement stops at a fixed stop position Q in front of gate valve 6E and when gate valve 6E is open, the transfer con- 
so tinues without change up to end point position E without stopping at stop position Q. Because of this, in the second 
embodiment, a speed n of the point 1 , the transfer speed between the point 1 and the point 2, and speed u of the point 
2 are set to allow the movement from the point 2 to stop at point Q by means of the deceleration control. In the second 
embodiment however, since the open/close state of gate valve 6E is checked at the point 2, there is no setting of the 
speed pattern such that the rotation speed from the point 1 to the point 2 becomes longer than time T always required 
55 to open and close gate valves 6S and 6E. 

At first, in order to allow the movement to stop at point Q, the conditions of speed u of the point 2 satisfy the follow- 
ing equation (4). 
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us/(L3/L1) • /(2am • L1) 
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mov imr;r am v s; a ^ 

tion d«>m ( speed n at the point 1 S^SfoE ? ^ acc ^ra- 

the power of two and u *2 is u raised to the power of twT ® ( } ' " 1,16 equat,0ns ' r A2 is r raised to 

((n + u) 12) • ((n - u) /(r • dam)) = r 8 

(5) 

n = /(2 r A 2 • 6 • da + u A 2) 

(6) 

min (vm, 7" (2am • L1), ream, n) 

Therefore, when n is selected as vi ifr^S? ^ 6 above - m entioned upper limit speed u. 
12 (a). When a vaiue other Than nl J^ZT ^ *» "** 1 to the point 2 is as shown in Ra 

shorn In Fig. 12 (b). ' * e K * aK " 8,56 *"» »» point 1 to the point 2 is as 

™s^ s 7 e zrr<«^ 

as fast as possible. P66d V1 31 1,16 P 01 "' 1 as we » as allow the point 1 to be reached 

bec^^ 

the speed patterns that allow a stop at l^SSj^ST Sh ° rteSt franSfer time from am ° n 9 

Moreover, it is preferable fa end poS 3 to be T^ll l ^ ^ Mr destination P rocess cha "*er. 

aitbaJiment ths sasno of Ih. sn^t £Z, tlT-ll" ™ cl0S69aB «*« 6S However, in the third 
longer than time Talways required to S^SSS ^ 1 10 * e P 0 ** 2 becom « 

short as possible. This points the differen^^een JlSS^ I " f*"" to "* rote «°n time as 
Namely, in me third embodiment, ^ "°° nd embodiment - 

control, to make the rotation speS IrnTe £5 ^ * ^ Q by means of *• deration 

45 gate valves 6S and 6E and even f ur»S *X££*£mZ!l T T f m » reqUired t0 °P en and d «* 
-^-^^ 

In ^l°T' T third embodiment ^ described referring to Fig 1 1 

,o ofthL n rii^rs^ 

u=/(L3/L1) • /(2am • L1) = U (7) 
The value u determined by this equation is U 

n = (J2r *2 • e • da> + u A 2) = N 
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The value n determined by this equation is N. 

Hereupon, when the speed of the point 1 is N and the speed of the point 2 is U, the time to rotate is (N - U) / (r • 
dcom) based on the maximum rotation speed - dcom of the robot. Therefore, when T £ (N - U) / (r • dco) , n = N and 
u = U . The rotation speed pattern from the point 1 to the point 2 is as shown in Fig. 13 (a). 
5 However, when T > (N - U) / (r • da>) , one pattern from among the patterns shown in Fig. 13 (b) to Fig. 13 (e) is 
selected as the rotation speed pattern from the point 1 to the point 2. 

Hereupon, as shown in Fig. 14, if speed NO at the point 1 is found such that at the moment the speed reaches 0 
decelerating at a maximum acceleration of -r • dcom, acceleration will occur at a maximum acceleration of r • dcom and 
then the movement distance (rotation distance) will become equal to r • 6 until the speed after that acceleration is equal 
70 to U, then the relationship shown below will result in equation (9) shown below as well. 

(NO/2) • (N0/(r • dcom)) + (U/2) ■ U/(r • dcom)) = r • 6 

NO = J(2 • r A 2 • 6 • dcom - U A 2) (9) 

is 

Next, when T > (N - U) / (r • dco) , at first, speed n1 will be found such that the surface areas of two different hatch- 
ing portions become equal as shown in Fig. 13 (b). 

In other words, when T > (N - U) / (r • dco) , the overall speed drops from the speed pattern shown in Fig. 13 (a) 
making it necessary for the rotation time from the point 1 to the point 2 (distance = r * e) to coincide with T. Therefore, 
20 for this case, after the speed at the point 1 drops with changing deceleration/acceleration - dcom and fixed time t1 
elapses, a speed reduction will be achieved by means of accelerating again based on acceleration dcom. 

Initially, 

n1 -r • dcom • t1 + r • dcom • (T - 11) = U 

25 

From this equation is obtained the following equation. 

t1 = (1 /2) • {((n1 - U) / (r • dcom)) + 7} (10) 
30 Furthermore, from this surface are the following equation holds true. 

n1 • t1 -(1 12) • r ■ dcom • t1 A 2 + U (T - 11) - (1 12) • r • dcom • (T-t1) A 2 = r • 0 
Therefore, the following equation (1 1) holds true. 

35 

(n1 -U)t1 +U • T-(1/2) • r - dcom • (T A 2 - 2Tt1 + 2t *2) = r • 6 (11) 
The value n1 is calculated by the two equations (10) and (1 1) above. 

Next, the value n1 calculated in this manner is compared to NO found in accordance with Fig. 14. Then based on 
40 this comparison result, one pattern from among the patterns shown in Fig. 13 (b) to Fig. 13 (e) is selected. 

Namely, when n1 ^ NO, n = n1 or u = U and the rotation speed from the point 1 to the point 2 is as shown in Fig. 
13(b). 

Furthermore, when n1 < NO, the speed pattern that is selected differs with NO either being larger or smaller than U. 

In other words, with n1 < NO for a case when NO > U, the rotation speed pattern from the point 1 to the point 2 is as 
45 shown in Fig. 13 (c) with n = NO or u = U . 

Even further, with n1 < NO for a case when NO < U, the rotation speed pattern from the point 1 to the point 2 is 
selected from either the pattern of Fig. 1 3 (d) or Fig. 1 3 (e). At that time, the values for n and u are chosen such that the 
speed patterns shown in Fig. 13 (d) and Fig. 13 (e) hold true. 

In other words, the reason NO < U is because speed n of the point 1 is made to be slower than speed u of the point 
so 2. This departs from the principle that the withdrawal from start point S to the point 1 is made to occur as fast as possible 
and because of this, speed u at the point 2 is made to be smaller than U which in turn makes speed n at the point 1 as 
large as possible. 

Hereupon, the calculation to find n and u as n = u for Fig. 13 (d) or Fig. 13 (e) will be simplified. 
In the example of Fig. 13 (d) the following equation holds true. 

55 

n • T-(1/2) • T ■ (r • dcom • (1/2)) =r • 6 
Because of this, the equation is as follows. 
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n = u = (r • e/T) + (r • da>m • T * (1/4)) (12) 
Further, in the example of Fig. 13 (e) the following equation holds true. 

n • (n/(r • dcom)) = r • e 
Because of this, the equation is as follows. 

n = u = r /(doom • e) 

dJS1£S£ r r " * " "* " F * " "-»•*—.« =P*™ n a,. u can be 

Next *e fourth embodiment of the present invention will be described referring to Fig 15 
ment * emb0d ' ment ^ ° ne additi ° na ' ,UnCti0n in «"■»«*•" to second emLiment or the third embodi- 

state^f^iSr 5 (a) ^ 15 W ' in ** additional function - if deceleration is occurring when the open/close 

Thehnt speed Vltforthis case is the minimum value wrthinvm.rco m .V(2am • L!) as in the equation shown below. 

min (vm, rom, /(2am • L1)) 

Next, the fifth embodiment of the present invention will be described referring to Fio 1 8 
In the fifth embodiment, the rotation path is set at a position close to gates 6S and 6E Because of this whpn an 

SSI™ 

the opTsSe l^h^r?^ *! W ° rk ^ P0Sfti0n 00 °" ,he rotation P ath *• ^mation of 

tne open state of gate valve 6E of the transfer destination process chamber starts. When qate valve 6E is confirm^ Z 

so action executes towards gate 6E. 1 " e P° ,ni ^ ana aner gate 6E opens, the arm extension 

noinf^rZr' "l? !!? e " lbodiment ' 3 short P 3 * 1 is actively used during the movement around the point 1 and the 
point 2 and the work transfer d,stance is made as short as possible to shorten the work transfer tin* SSil !f£ 
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means of overlapping (merging) these speed patterns, a speed pattern that extends from start point S to end point E is 
generated. The speed pattern shown in Fig. 19 is just an example. 

For this case, the position where the first speed pattern and the second speed pattern is fixed and is the position 
at the moment when the center of the work reaches position Qa of gate 6S. In contrast, the merging position between 
5 the second speed pattern and the third speed pattern is not fixed and is the position where gate 6E is confirmed to be 
open at the position between from point Qc on the rotation path to the point 2. 

Moreover, because the stop point is set at the point 2 for this case, the first and second speed patterns are set to 
speed patterns which allow the transfer between start point S and end point E to occur at the shortest time as conditions 
that make it possible to stop at the point 2, to not exceed the limit speed of the arm extension/tightening and rotation 
10 action, and to not exceed the limit speed Vlt and the limit speed alt of the system. In addition, the third speed pattern is 
a pattern identical to the first speed pattern. 

The position of point Qc for this case is set as follows. 

Namely, if the maximum acceleration of the arm retraction action is am, the maximum acceleration of the rotation 
action is dcom, the distance between the point 2 and point Qd is Ld, and the distance between the point 2 and point Qc 
75 is Lc, then time T required to move from the point 2 to point Qd at the maximum acceleration is the equation shown 
below. 

T= J{2 • Ld/am) 

20 Therefore, based on the maximum rotation acceleration dcom in the opposite direction, distance Lc that allows the 
rotation path to rotate from the point 2 during time T is set as a distance on a circular arc from the point 2 of point Qc. 
In other words, 

Lc = (Ld • dcom) /am 

25 

Next, the operation of the fifth embodiment will be described referring to the flowchart of Fig. 20. 

When a wafer transfer command is input, robot controller 40 reads from a memory (not shown in the figure) a speed 
pattern that corresponds to the transfer origin and transfer destination process chamber numbers and then executes a 
withdrawal action in accordance with the speed pattern read from the memory (step 300). Then, normally, the first and 
30 third speed patterns K1 and K3 which correspond to the arm extension/tightening action are common and not related 
to the transfer origin and transfer destination process chamber numbers. The second speed pattern K2 related to the 
rotation action differs in proportion to the transfer origin and transfer destination process chamber numbers. Further, for 
this case as well, the first and third speed patterns K1 and K3 are common. 

Next, after the work movement starts, when robot controller 40 detects that the fixed time required to pass the work 
35 through fixed point Qa that corresponds to the position of gate 6S has elapsed (step 310), the second speed pattern K2 
related to the rotation action merges with the first speed pattern K1 related to the arm retraction action and then by 
means of driving the robot in accordance with this merged speed pattern, the point work transfers along the short path 
from point Qa toward point Qb and then is rotated between point Qb and point Qc (step 320). 

Next, when robot controller 40 detects that the fixed time required to pass the work through the position of point Qc 
40 has elapsed (step 330), a confirmation action of the open state of the gate is made from the output of the gate valve 
open/close sensor of the gate of the transfer destination process chamber (step 340). If an open state of the gate is con- 
firmed at this time, the third speed pattern K3 related to the arm extension action merges with the second speed pattern 
K2 related to the rotation action at this time and then by means of driving the robot in accordance with this merged 
speed pattern, the point work transfers along the short path from point Qc toward point Qd and then is driven linearly 
45 between point Qd and end point E (step 370). For this case, the work transfers on route R1 of Fig. 18. 

In contrast, if an open state of the gate of the transfer destination process chamber cannot be confirmed when the 
work reaches point Qc, the rotation action will continue without any changes in accordance with the second speed pat- 
tern. Moreover, the open state of the gate is always confirmed in parallel with the rotation action based on the output of 
the gate valve open/close sensor of the gate of the transfer destination process chamber (steps 350, 360). At the 
so moment when the gate can be confirmed to be open, the third speed pattern K3 related to the arm extension action 
merges with the second speed pattern K2 related to the rotation action and the robot is driven in accordance with this 
merged speed pattern (step 370). 

Therefore, at the moment the open state of the gate is confirmed, the work is transferred along route R2 of Fig. 18 
at QC of Fig. 19. Further, at the moment the open state of the gate is"confirmed, the work is transferred along route R3 
55 of Fig. 1 8 at Qc" of Fig. 1 9. Even further, at the moment when the gate can be confirmed to be open after the work stops 
at the point 2 in accordance with the rotation speed pattern, the work rotates until the point 2 and then after momentarily 
stopping here, is driven linearly from the point 2 toward end point E. 

Thus, in the fifth embodiment, at the moment when the gate of the transfer destination process chamber is con- 
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above-mentioned embodiments, it can be adapted to other manufacturing apparatuses that produce other work such 
as LCDs (liquid crystal display elements). 

Even further, although the present invention applies to a system wherein process chambers are disposed around 
a transfer chamber in the above-mentioned embodiments, the invention can be adapted to a system wherein a plurality 
5 of process chambers are disposed side-by-side adjacent to the transfer chamber. 

INDUSTRIAL APPLICABILITY 

The present invention is useful when applied to a multi-chamber type processing apparatus that carries a work 
10 such as a wafer or an LCD from a certain process chamber to another process chamber by means of a work carrying 
robot wherein a plurality of process chambers are disposed around one transfer chamber. 

Claims 

is 1 , In a work carrying system comprising: 

a work processing device having a transfer chamber to which the work carrying robot is disposed, a plurality of 
process chambers disposed adjacent to the transfer chamber which implement various types of processes on 
a work, and a plurality of gate means each being disposed between each of the process chambers and the 

20 transfer chamber; 

the work carrying robot being adopted to transfer the work positioned at a transfer origin process chamber 
among the plurality of process chambers to a transfer destination process chamber along a predetermined 
movement path through the gate means of the transfer origin process chamber, the transfer chamber and the 
gate means of the transfer destination process chamber, wherein a specified open/close time is required to 

25 open and close the gate means of the transfer origin process chamber and of the transfer destination process 

chamber during the transfer, characterized by: 

a control device for the work carrying robot, which sets a first point where the work on the movement path shifts 
from a moving action from the transfer origin process chamber to the transfer chamber to a moving action 
inside the transfer chamber and a second point where the work shifts from the moving action inside the transfer 
30 chamber to a moving action from the transfer chamber to the transfer destination process chamber; and which 

comprises: 

speed control means which, based on a transfer distance of the work and the open/close time, sets a speed 
pattern on the moving path so that opening of a transfer destination gate valve is completed at a moment at 
which the work has reached to the second point on the moving path and a transfer time from the first point to 
35 the second point becomes a shortest time which is longer than the open/close time, and controls a speed of 

the work carrying robot in accordance with the set speed pattern. 

2. The control device for a work carrying robot according to claim 1, characterized in that the speed control means 
sets the speed pattern on the movement path such that the movement speed between the first point and the sec- 

40 ond point becomes a maximum value with a range that does not exceed a limit speed of the robot and a restriction 
speed of the system. 

3. The control device for a work carrying system according to claim 1 , characterized in that a predetermined stop point 
is further set that allows the work to stop in front of the gate means of the transfer destination process chamber on 

45 the movement path; 

the work processing device further comprises gate open/close detection sensors each detects an open and 
close state of each of the plurality of gate means; 

the speed control means sets the speed pattern on the movement path such that the movement speed at the 
so second point allows the work to stop at the stop point and the movement speed at the first point is decreased 

to the movement speed at the second point and controls the speed of the work carrying robot in accordance 
with the set speed pattern; 
the control device further comprises: 

open/close judgment means that judges open and close state of the gate means of the transfer destination 
55 process chamber at a time point when the robot reaches the second point by an output of the gate open/close 

sensor of the transfer destination process chamber; and 

stop control means that controls the speed of the robot such that, when the opening of the gate means of the 
transfer destination process chamber is confirmed by the open/close judgment means, the stop control means 
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does 
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action is executed at the time of this judgment. 

8. The control device for a work carrying system according to claim 7, characterized in that the acceleration action 
implemented by the acceleration/deceleration switching control means is carried out so as to not exceed a limit 

5 speed of the robot and a restriction speed of the system. 

9. In a work carrying system comprising: 

a work processing device having a transfer chamber to which a work carrying robot is disposed, a plurality of 
process chambers disposed adjacent to the transfer chamber and which implement various types of processes 
on a work, a plurality of gate means each being disposed between each of the process chambers and the 
transfer chamber, and gate open/close detection sensors that detect each open and close state of each of the 
plurality of gate means; 

the work carrying robot having work support arms which allow a first movement relative to a work movement 
between the process chambers and the transfer chamber as well as a second movement relative to a work 
movement within the transfer chamber, and being adopted to pass by the first movement the work positioned 
at a transfer origin process chamber among the plurality of process chambers through the gate means of the 
transfer origin process chamber to move the work to the inside of the transfer chamber, transfer the work inside 
of the transfer chamber by the second movement, and pass by the first movement the work positioned within 
the transfer chamber through the gate means of the transfer destination process chambeMo transfer the work 
to the transfer destination process chamber; wherein a specified open/close time is required to open and close 
the gate means of the transfer origin process chamber and of the transfer destination process chamber during 
the transfer, characterized by: 

a control device for the work carrying system, which comprises: 

speed pattern setting means that previously sets a first speed pattern relative to an acceleration to a deceler- 
ation stop of the second movement and a second speed pattern relative to an acceleration to a deceleration 
stop of the first movement from within the transfer chamber to the transfer destination process chamber that is 
carried out subsequent to the second movement; 

open/close judgment means that starts an open/close judgment of the gate means of the transfer destination 
process chamber based on an output of the gate open/close sensor from a moment when the robot passes a 
confirmation start point that is a predetermined position enroute on the moving path by the second movement; 
speed pattern generation means that merges the first speed pattern and the second speed pattern at a 
moment when the open/close judgment means confirms the opening of the gate means of the transfer desti- 
nation process chamber; and 

robot drive means that selects the first speed pattern in connection with the work transfer to the confirmation 
start point within the transfer chamber, selects a speed pattern generated by the speed pattern generation 
means from the confirmation start point to the transfer destination process chamber and controls the speed of 
the work carrying robot in accordance with the selected speed pattern. 

40 10. In a work carrying system comprising: 

a work carrying device having a transfer chamber to which a work carrying robot is disposed, a plurality of proc- 
ess chambers disposed adjacent to the transfer chamber and which implement various types of processes on 
a work, a plurality of gate means each being disposed between each of the process chambers and the transfer 
45 chamber, and gate open/close detection sensors that detect each open and close state of each of the plurality 

of gate means; 

the work carrying robot having work support arms which allow a first movement relative to a work movement 
between the process chambers and the transfer chamber as well as a second movement relative to a work 
movement within the transfer chamber, and being adopted to pass by the first movement the work positioned 

so at a transfer origin process chamber among the plurality of process chambers through the gate means of the 

transfer origin process chamber to move the work to the inside of the transfer chamber, to move by the second 
movement the work positioned at an approximate front of the transfer origin process chamber within the trans- 
fer chamber to the position at an approximate front of the transfer destination process chamber within the 
transfer chamber, and to pass by the first movement the work positioned at the approximate front of the transfer 

55 destination process chamber within the transfer chamber through the gate means of the transfer destination 

process chamber to transfer the work to the transfer destination process chamber; wherein a predetermined 
opening and closing time is required to open and close the gate means of the transfer origin process chamber 
and the transfer destination process chamber during the transfer, characterized by: 
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a control device for the work carrying system, which comprises: 
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tination process chamber; and 

robot drive means that selects the first speed pattern generation means from the transfer origin process cham- 
ber to the confirmation start point selects the second speed pattern generation means from the confirmation 
start point to the transfer destination process chamber and controls the speed of the work carrying robot in 
accordance with the selected speed pattern. 

13. In a work carrying system comprising: 

a work carrying device having a transfer chamber to which a work carrying robot is disposed, a plurality of proc- 
ess chambers disposed in the vicinity of the transfer chamber and which implement various types of processes 
on a work, a plurality of gate means each being disposed between each of the process chambers and the 
transfer chamber, and gate open/close detection sensors that detect each open and close state of the plurality 
of gate means; 

the work carrying robot having work support arms capable of performing a rotational action and a straight line 
movement action toward a centripetal direction and a centrifugal direction and being adopted to move by the 
straight line movement in the centripetal direction the work positioned at a transfer origin process chamber 
among the plurality of process chambers through the gate means of the transfer origin process chamber to 
inside of the transfer chamber, to transfer by the rotational action the work positioned at an approximate front 
of the transfer origin process chamber within the transfer chamber to a position at an approximate front of the 
transfer destination process chamber within the transfer chamber, and further pass by the straight line move- 
ment in the centrifugal direction the work positioned at the approximate front of the transfer destination process 
chamber within the transfer chamber through the gate means of the transfer destination process chamber to 
transfer the work to the transfer destination process chamber; wherein a predetermined opening and closing 
time is required to open and close the gate means of the transfer origin process chamber and the transfer des- 
tination process chamber during the transfer, characterized by: 
a control device for the work carrying system, which comprises: 

speed pattern setting means that previously sets each of a first speed pattern relative to an acceleration to a 
deceleration stop of the straight line movement in the centripetal direction from the transfer origin process 
chamber up to a first intersecting point that intersects the straight line movement in the centripetal direction and 
the rotational action, a second speed pattern relative to an acceleration to a deceleration stop of the rotational 
action from the first intersecting point up to a second intersecting point that intersects the rotational action and 
the straight line movement in the centrifugal direction, and a third speed pattern relative to an acceleration to 
a deceleration stop of the straight line movement in the centrifugal direction from the second intersecting point 
to the transfer destination process chamber; 

first speed pattern generation means that merges the first speed pattern and the second speed pattern at a 
moment when the work passes through a predetermined position previously set between the gate means of 
the transfer origin process chamber on the transfer path and the first intersecting point; 
open/close judgment means that starts an open/close judgment of the gate means of the transfer destination 
process chamber based on an output of the gate open/close sensor from a moment when the robot passes a 
confirmation start point which is a predetermined position enroute on the rotation path; 
second speed pattern generation means that merges the second speed pattern and the third speed pattern at 
a moment when the open/close judgment means confirms the opening of the gate means of the transfer des- 
tination process chamber; and 

robot drive means that selects the first speed pattern generation means from the transfer origin process cham- 
ber to the confirmation start point selects the second speed pattern generation means from the confirmation 
start point to the transfer destination process chamber and controls the speed of the work carrying robot in 
accordance with the selected speed pattern. 

14. The control device for a work carrying system according to claim 12 or claim 13, characterized in that the predeter- 
mined position between the gate means of the transfer origin process chamber and the first intersecting point set 
by the first speed pattern generation means is a position close to a position where the gate means is disposed. 

15. The control device for a work carrying system according to claim 12 or claim 13, characterized in that the acceler- 
ation/deceleration action of the second speed pattern and the third speed pattern set by the speed pattern setting 
means employ a maximum acceleration and a maximum deceleration on a condition that these do not exceed a 
limit speed of the robot and a restriction speed of the system. 

16. In a work carrying system comprising: 
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ton start point, selects the second speed pattern when the open/close judgment means confirms the opening 
of the gate means of the transfer destination process chamber at the confirmation start point selects the third 
speed pattern when the open/close judgment means does not confirm opening of the gate means of the trans- 
fer destination process chamber at the confirmation start point, and controls the speed of the work carrying 
robot in accordance with the selected speed pattern. 



18. The control device for a work carrying system according to claim 17, characterized in that, when the open/close 
judgment means does not confirm the opening of the gate means of the transfer destination process chamber at 
the confirmation start point, the robot drive means selects a speed pattern from among the plurality of third speed 
patterns that corresponds to a point where the open/close judgment means confirms the opening of the gate 
means of the transfer destination process chamber and controls the speed of the work carrying robot in accordance 
with the selected speed pattern. 
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